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OPTICAL. LOWPASS FILTER 

Japanese Unexamined Patent No. Hei-11-218612 

Laid-open on: August 10, 1999 
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Filed on: January '30, 1998 ' 

Inventor: Kotaro WAKABAYASHI 

Applicant: Kinseki, Limited:- 

SPECIFICATION 

[TITLE OF THE INVENTION] OPTICAL LOWPASS FILTER 
[ABSTRACT] 

[Object] To reduce the size, weight, and manufacturing cost 
of an optical lowpass filter which can efficiently attenuate 
false signals (moire) which are multiplex image distortions 
and are difficult to be eliminated by signal processing of 
electric circuits. 

[Composition] The manufacturing cost of. an optical lowpass 
filter composed of a plurality of plates, that is,, formed by 
adhering birefringent plates of lithium niobate with a .high 
birefringence to both main surfaces or one surf ace. of -a crystal 
plate is reduced by eliminating the necessity of a reflection 
preventive film on the crystal plate although reflection 
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preventive films are necessary on both main surfaces of the 
birefringent plates with a high birefringence. In addition, 
the use of lithium niobate which has a crystal structure 
different from that of crystal allows reduction in the thickness 
of the birefringent plates, and duetto combination with the 
crystal plate, the entire optical lowpass filter is 
significantly reduced in the thickness to become thin, whereby 
the abovementioned object is achieved. 
[WHAT IS. CLAIMED IS;] 

[Claim 1] An optical lowpass filter composed of a plurality 
of crystal birefringent plates adhered together, wherein ' 
at least one or more of said birefringent plates are formed 
by adhering monocrystal plates by an adhesive which have a 
crystal structure whose birefringence is different from that 
of a crystal plate. 

[Claim 2] An optical lowpass filter- composed of a plurality 
of crystal birefringent plates and a crystal phase plate which 
are adhered together, wherein 

at least one or more of said, birefringent plates are formed 
by adhering monocrystal plates by an adhesive which have a 
crystal structure whose, birefringence is different from that 
of a crystal plate. 

[Claim 3] An optical lowpass filter composed of a plurality 
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of crystal birefringent plates adhered together, wherein 
a crystal plate is disposed between said birefringent plates 
having a birefringence different from that of the crystal plate, 
and reflection preventive films are formed onbothmain surfaces 
of said birefringent plates and adhered by an adhesive. 
[Claim 4] An optical lowpass filter composed of a plurality 
of crystal birefringent plates and a crystal phase plate adhered 
together, wherein 

a crystal plate is disposed between. said birefringent plates 
. having a birefringence different from that of the crystal plate, 
and reflection preventive films are formed onbothmain surfaces 
of said birefringent plates and adhered by an adhesivet. 
[Claim 5] An optical lowpass filter as set forth in Claim 1. 
through Claim 4, wherein lithium niobate is used for the 
abovementioned crystal having a different birefringence. 
[Claim 6] An optical lowpass filter as set forth in Claim 1 
through Claim 4, wherein the adhesive for adhering the plates 
has a refractive index of 1.40 to 1.70. 
[DETAILED DESCRIPTION OF THE INVENTION]. 
[0001] 

[Field of the Invention] The present invention relates to an 
optical lowpass filter composed of a plurality of birefringent 
plates adhered^ together, which realizes a reduction in the 
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thickness of the entirety of the optical lowpass filter even 
while increasing the width of light division. 
[0002] 

[Prior Arts] Optical lowpass filters have been introduced to 
a wide range of applications from industrial video cameras to 
public 'video cameras and home video cameras for the purpose 
of attenuation of, especially, high frequency components in 
a signal of an image formed by the lens of a video camera. An 
image received through a lens of a video camera is converted 
into an electric signal by a solid-state image pickup device. 

(CCD) , however, when converting, if high frequency components, 
that account for half or more of a sampling frequency of the 
solid-state image pickup device are contained in the image formed 
by the lens of the video camera, a moire-like false signal is 
generated, and this false signal is difficult to eliminate by" 
signal processing" of the electric circuits. 

[0003] A general, optical lowpass filter uses crystal 
biref ringent plates adhered together, or a plurality of crystal 
biref ringent plates and a crystal phase plate adhered together, 
and the optical lowpass filter is interposed before the image 
signal formed by the lens of the video camera reaches .the 
solid-state image pickup device to significantly suppress the 
generation of false signals. 
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[0004] Inother words, the characteristics of the optical lowpass 
filter including crystal birefringent plates for preventing 
false signals are determined depending on the width of division 
of a light ray due to birefringence and the division pattern 
of the light ray, and this width of division is in proportion 
to the thickness of the (crystal) birefringent plate. As 
mentioned above, it is generally known that the thickness of 
the optical lowpass filter and the width of division depend 
on the refractive index of the birefringent plates, and the 
use of monocrystal plates of lithium niobate having a high 
birefringence for the birefringent plates reduces the thickness 
of the entire optical lowpass filter. 
[0005] 

[Themes to be Solved by the Invention] However, recently video 
cameras have been rapidly developed to realize compactness, 
lightweight, and a low cost, and it is natural that these demands 
extend to each part of the entire video camera such as the 
electronic circuitry, the drive mechanism and others in a video 
camera, and it has been demanded that the abovementioned 
conditions regarding the surroundings of the lens are satisfied 
as far as possible although there are physical limitations. 
[0006] As mentioned. above in the prior-art, an optical lowpass 
filter composed of a plurality of crystal birefringent plates 
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adhered together and an optical lowpass filter composed. of a 
combination of crystal birefringent plates and a crystal phase 
plate are the mainstream in the field of current optical lowpass 
filters, and a further reduction in the thickness of the optical 
lowpass filter is realized by using monocrystal plates with 
a high birefringence, however, if a plurality of birefringent 
plates of lithium niobate are adhered and used, formation of 
reflection preventive films on the main surfaces of the plates 
becomes necessary for suppressing unnecessary reflection 
between the plates, -so that the manufacturing cost is increased, 
and it is difficult to acquire an adhesive with a refractive 
index which adjusts the refractive index of each plate. 
[0007] 

[Means for Solving Themes] In order to solve the abovementioned 
problems of the thickness o.f the optical lowpass filter itself 
and the high cost for the material due to the thickness, in 
an example of the invention, lithium niobate having a crystal 
structure different from that of crystal is used for the material 
of an optical lowpass filter composed of three plates formed 
by adhering .crystal birefringent plates on both main surfaces 
of a crystal phase plate (both surfaces of crystal birefringent 
plates to be adhered with each other by an adhesive or both 
surfaces of a plurality of crystal birefringent plates to be 
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adhered with a crystal phase plate by an adhesive), whereby 
the thickness of the entire optical lowpass filter can be 
significantly reduced to be thin. 

[0008] Furthermore, by adhering lithium niobate and the crystal 
plates together, an adhesive with a refractive index of 1.40 
to 1.70 which has been conventionally used can be used to adhere 
the plates , reflection preventive films are unnecessary on both 
main surfaces of the crystal plates although reflection 
preventive films are deposited on both main surfaces of the 
birefringent plates of lithium niobate, whereby the 
manufacturing cost, the size and the weight of the entire lowpass 
filter can be reduced. 
[0009] 

[Preferred Embodiment] Hereinafter, the embodiment of the 
invention shall be. described with reference to the attached 
drawings. In the figures, the same components show the same 
objects. Fig. 1 is a side view of an optical lowpass filter 
of the invention, that is, optical lowpass filter 5 composed 
of three plates including birefringent plate 1, crystal (phase) 
plate 2, and birefringent plate 1, wherein the birefringent 
plates 1 are adhered to both main surfaces of the crystal (phase) 
plate 2. 

[0010] Reflection preventive films 4 (4a, 4b) are deposited 
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on both main surf aces. of the birefringent plates 1, and adhered 
to the crystal plate on which deposition- of the reflection 
preventive film 4 is not necessary by epoxy-based or acryl-based 
adhesive 3 with a refractive index of 1\ 40 to 1 . 70, and generally, 
1.52, whereby a relationship, between input light and output 
light as shown in Fig. 3(a) is established. 
[0011] Fig. 3(b) is a perspective view showing the condition 
of the abovementioned relationship. The input light (incident 
light) is -divided into two, a normal light ray (solid line) 
and an abnormal light ray (dotted line) by the first birefringent 
plate 1 , and the divided light rays of the normal ray and abnormal 
ray are transmitted through the crystal plate as' they are, and 
their transmission through the crystal plate eliminates 
polarization. Thereafter, the rays are transmitted through 
another birefringent plate, whereby the two light rays 
transmitted through the crystal plate are further divided into 
normal light rays and abnormal light rays (four-division),' 
whereby the incident light is blurred and output light in which 
false signals which lead to the moire phenomenon are attenuated 
can be obtained. In this case, the width of division of the 
light'ray by the birefringent plates changes depending on the 
cut angle (9: angle between the main surface and the optical 
axis) . 
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[0012] In the invention, lithium niobate having a crystallinity 
withahighbirefringence is employedf or thebiref ringent plates 
1 comprising the optical lowpass filter 5, and in comparison 
with crystal birefringent plates 6 which have been generally 
used, in terms of the ratio of the thickness of the birefringent 
plate 1 and the refractive index of the birefringent plate 1, 
the width of division of a light ray to attenuate false signals 
is more efficiently obtained in the case where lithium niobate 
is used for the birefringent plates 1 than in the case where 
crystal birefringent plates 6 are used even if the plates are 
thin, and therefore, the number of processes for depositing 
the reflection preventive films 4 can be reduced. (In short, 
when the thickness of the optical lowpass filter (Fig. 2) using 
crystal birefringent plates 6 is expressed by T 1 , and the 
thickness of the optical lowpass filter using lithium niobate 
birefringent plates 1 is expressed by T, a relationship of T<T T 
is established.) 

[0013] This shall be described by comparing the theoretical 
values of the crystal birefringent plates 6 and the lithium 
niobate birefringent plates 1. These theoretical values are 
under conditions of a design where both the width of horizontal 
division and the width of vertical division are set to - 15pim, 
and the designed wavelength of the four-division type optical 
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lowpass filter is set to 550nm. The width of division by the 
birefringent plates used for the optical lowpass filter is 
determined by the .following formula (1) . 
[0014] 

d/t=( (ne 2 -no 2 ) x sine x cos9) / (no 2 sin 2 0-ne 2 cos 2 6) . . . (1 ) 
Herein, no: refractive index of the normal light ray, ne : 
refractive index of the abnormal light ray, d: width of division 
by the birefringent plate, t: thickness of the birefringent 
plate, 9: cut angle (45°) 

[0015] When a calculation is performed by inputting the 
conditions of a design-into the above formula (1) , the d/t (the 
width of division/thickness) of the lithium niobate 
birefringent plate 1 is 0.39438905, and the d/t of the crystal 
birefringent plates 6 is 0.005906986. Therefore, if the value 
of the width of division d (15pm) is substituted for the above 
formula (1) to calculate the thicknesses t of the birefringent 
plates, 0.380mm is determined 1 as the thickness of the lithium 
niobate plate, and 2.539mm is determined as the thickness of 
the crystal birefringent plate. At this time, crystal (phase) 
plate 2 is used as the phase plate comprising the optical lowpass 
filter 5. ' 

[0016] As mentioned above, in the combination of thebiref ringent 
plates and the phase plate comprising the optical lowpass filter 



-10- 




5, lithium niobate crystal plates having a crystal structure 
with a high birefringence is used for the birefringent plates, 
whereby the thickness of the optical lowpass filter 5 can be 
made thinner than in the conventional case where the crystal 
birefringent plates 6 are used. In addition, the birefringent 
plates formed of crystal plates of lithium niobate are used 
in the present embodiment, however, the same effect can be 
obtained even when crystal substances including potassium 
dihydrogenphosphate (KDP) , ammonium dihydrogenphosphate (ADP) , 
and calcite (CaC0 3 ) which have birefringences higher than that 
of the crystal are used. 

[0017] Furthermore, in the present embodiment, the optical 
lowpass filter 5 is composed of three plates including the 
birefringent plates and the crystal (phase) plate 2 so that 
the birefringent plates are adhered to both main surfaces of. 
the crystal (phase) plate 2, wherein lithium niobate crystal 
plates are used for all the birefringent plates, however, a 
crystal plate may be used either one of the birefringent plates . 
[0018]' 

[Effects of the Invention] According to the invention, while 
the number of processes for depositing reflecting preventive 
films 4 on the main surfaces of the birefringent plates composing . 
the optical lowpass filter is reduced and the thickness of the 
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plates is reduced, a width of division by the biref ringent plates 
canbe efficiently obtained. Thereby, the thickness of the entire 
optical lowpass filter can be significantly reduced, and the 
material is also reduced by realizing the reduction in the size 
and weight of the optical lowpass filter. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[Fig. 1] Aside view of the optical lowpass filter of the invention . 

[Fig. 2] A side view of the conventional optical lowpass filter. 
.[Fig. 3] A perspective view for explanation of a general view 
of the optical lowpass filter. 

[Description of Symbols] 

1 birefringent plate. 

2 crystal plate 

3 adhesive 

4 (4a, 4b) reflection preventive film 

5 optical lowpass filter 
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[Procedure Amendments] 

[Date of filing] March 4, 1998 

[Procedure amendment 1] 

[Title of document to be amended] Specification 
[Title of item to be amended] 0011 
[Amending method] Change 
[Details of amendment] 

[0011] Fig. 3(b) is a perspective view showing the condition 
of the abovementioned relationship. The input light (incident 
light) is divided into two, a normal light- ray (solid line) 
and an abnormal light ray (dotted line) by the first birefringent 
plate 1, and the divided light rays of the normal ray and abnormal 
ray are transmitted through the crystal plate as they are, and 
their transmission through the crystal plate eliminates 
polarization. Thereafter, the rays are transmitted through 
another birefringent plate, whereby the two light rays 
transmitted through the crystal plate are further divided into 
normal light rays and abnormal light rays (four-division), 
whereby the incident light is blurred and output light in which 
f alse signals which lead to the moire phenomenon are attenuated 
can be obtained. In this case, the width of division of the 
light ray by the birefringent plates changes depending on the 
cut angle (8: angle between the normal of the main surface and. 
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the optical axis) . 
[Procedure amendment 2] 

[Title of document to be amended] Specification 

[Title of item to be amended] 0014 

[Amending method] Change 

[Details of amendment] 

[0014] 

d/t= ( (ne 2 -no 2 ) x sin9 x cosG) / (no 2 sin 2 9+ne 2 cos 2 G) . . . (1) 
Herein, no: refractive index of the normal light ray/ ne:- 
refractive index of the abnormal light ray, d: width of division 
by the birefringent plate, t: thickness of the birefringent 
plate, 9: cut angle (45°) 
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